Background and Objectives: Aging is a multi-agent phenomenon due to prolonged inflammation and stress. CD33 or Siglec3 is a membrane receptor that acts against aging by inhibiting inflammatory reactions. The aim of this study was to evaluate a possible relationship between CD33 copy number and lifespan of an Iranian population.
murine Siglecs, due to rapid Siglec evolution and deep divergence time between mice and humans, some Siglec receptors (for instance, Siglec-E and Siglec-9) are considered to be functional homologs (10) . Notably, there is no evidence so far for a significant degree of functional redundancy among Siglecs. Despite the general low affinity of Siglecs towards sialylated structures, it appears that each Siglec has a unique sialoglycan specificity profile with regard to the type of sialic acid, its linkage and the composition of underlying glycan structure. Interestingly, CD33rSiglecs can transmit inhibitory signals into immune cells by phosphorylation of intracellular immunoreceptor tyrosine-based inhibition motif or immunoreceptor tyrosine-based inhibition motif-like domains, thus quenching pro-inflammatory cascades (11) . CD33 is present on myeloid cells as well as on the surface of some lymphatic cells. The receptor binds to sialic acid and therefore can be considered a member of the Siglec family of lectins. The extracellular part of this receptor consists of two immunoglobulin domains (one LgV domain, and another LgC2 domain), which places CD33 in the immunoglobulin classification. Intracellular part of CD33 contains major inhibitors of the tyrosine immune receptor, which are involved in inhibiting cellular activity (12, 13) . In a study conducted on 12 mammalian species, organisms with more CD33 copy numbers showed a longer lifespan. The function of these genes is to reduce inflammation. In addition, the risk of death and early aging was found to be higher in mice with fewer CD33 copy numbers (14) . These data indicate that CD33rSiglecs regulate inflammatory damage and that the expansion of their number in the genome has coevolved with the extension of lifespan in mammals (2, (12) (13) (14) . Schwarz et al. believe that the CD33rSIGLECs are coevolved in mammals to help control the levels of reactive oxygen species during inflammation, thereby reducing cell damage and extending the lifespan of animals. Given that the number of working CD33rSIGLEC genes may vary among individuals (2), we investigated the possible association between CD33rSIGLEC gene numbers and life expectancy in people aged 70 years and older.
INTRODUCTION
Aging is controlled partly by genetic factors, such as insulin/insulin-like growth factor 1, mammalian target of rapamycin, AMP-activated protein kinase and sirtuin signaling pathways (1) . Understanding the details of this regulatory process may help develop measures for alleviating and controlling conditions associated with aging (2) . Sialic acid-binding immunoglobulin-type lectins (Siglecs) have been reported to be involved in the early aging process (3) . They are a superconducting family of type 1 lectins with salicilc acid linkage affinity and specific domains. Siglecs are categorized into two subgroups: CD33-related Siglecs and others including Siglec-1, Siglec-2 and Siglec-4 (4, 5) . CD33 or Siglec-3 (also known as gp67, p67) is a membrane receptor found on myeloid-derived cells (6) . There are two classes of Siglecs based on sequence homology and conservation. The first group consists of Sialoadhesin/Siglec-1, CD22/Siglec-2, MAG/Siglec-4 and Siglec-15 that share low sequence identity but are conserved across mammals. In contrast, the genes encoding CD33rSiglecs underwent extensive rearrangements, including duplication, conversion and pseudogenization. Therefore, they vary in number and sequence among mammals (2) . For instance, mice and humans (the most studied organisms in this respect) express five and ten functional CD33rSiglecs, respectively (7) . In humans, CD33rSiglecs are numbered (e.g., Siglecs-3, -5, -6, -7, -8, -9, -10, -11, -XII, -14 and -16), while murine CD33rSiglecs (other than Siglec-3) are identified by a distinct alphabetical nomenclature (8) . Although there is no comprehensive information regarding Siglec expression patterns, it is known that many members are expressed in a cell type-specific manner. For instance, among the murine CD33rSiglecs, CD33 is expressed mainly in granulocytes, Siglec-E is expressed primarily in neutrophils, monocytes, microglia and dendritic cells, Siglec-F is mainly found in eosinophils and mast cells, Siglec-G is predominantly expressed in B cells and some dendritic cells, and Siglec-H is primarily expressed in plasma cytoid dendritic cells (9). Although it is not possible to identify clear CD33rSiglec orthologs between human and genotyping of CD33 rs3865444, rs273634 and rs3852865 SNPs are presented in table 2. PCR conditions were as follows: initial denaturation at 95 °C for 5 minutes, followed by 35 cycles of denaturation at 94 °C for 90 seconds, annealing at 58 °C (for rs3865444), 55 °C (for rs273634) and 56 °C (for rs3852865) for 45 seconds, extension at 72 °C for 60 seconds, and final extension at 72 °C for 5 minutes. The PCR reaction mixture (25 μl) consisted 2 μl DNA sample (50 ng/ml), 1.5 μl MgCl 2 (50 mM), 2.5 μm dNTP (10 mM), primers (0.4 mM) and 2.5 units Taq DNA polymerase (Color Taq PCR Master Mix (2X, CBSA, Iran) (10) . PCR products were subjected to electrophoresis on 1.5% agarose gel stained with 0.5 μl ethidium bromide (SBSA, Iran) and the results were visualized under ultraviolet light. Data were analyzed with SPSS software (version 19). The Chi-square test or Fisher's exact test was used to assess the differences between the groups. P-values less than 0.05 were considered as statistically significant.
RESULTS
Mean age of the patients and the controls was 66.44 ± 8.96 years and 77.94 ± 5.75 years, respectively. The Mann-Whitney U test showed a significant difference in the mean CD33 copy numbers between patients and controls (P=0.001). Mean number of CD33 copies in the patients (7.78) was less than in the control group (12.72 ). There was no significant difference in the mean number of CD33 copies between men and women in both groups (Figure 1 ).
MATERIALS AND METHODS
This research was conducted at the Young Researchers Club of Islamic Azad University, Shiraz Branch, Iran. Fifty patients (24 men, 36 women) with cancer or Alzheimer's disease who were referred to Imam Reza Clinic and Namazi Hospital were selected as the case group. Fifty people (24 men, 36 women) aged over 70 years who were living in the Fars Province, were selected as the control group. Demographic data including age, gender, number of children, medical history and blood type were recorded using a questionnaire. Two ml blood samples were collected in EDTA tubes (FL Medical, Italy) and stored at -20 °C until analysis. The study protocol was approved by the ethics committee of the university (code: 95/2/19762), and written informed consent was taken from all subjects. DNA was extracted using the CBSA Blood Mini kit (CBSA, Iran), according to the manufacturer's guidelines. The quality and quantity of DNA were assessed by gel electrophoresis and spectrophotometry, respectively. The CD33 gene is located on chromosome 19: 51729554-51729676 (RefSeq:
NC_000019.9 NT_011109.16). Proprietary digital droplet PCR (ddPCR) CNV kit (BioRad. USA) and specific primers were used to determine CD33 copy number. Each kit included a 20X master mix containing 18 µmol of primer and 5 µmol of fluorescent probe. The extracted DNA samples were diluted at a ratio of 1:100 to 1:50 and were activated to produce droplets to accurately count CD33 copy numbers using the ddPCR method (15) case group and T/C genotype (44%) in the control group. In addition, the difference in genotype distribution was not statistically significant (P=0.220). In the case of rs273634 SNP, the most frequent genotypes were G/G genotype (40%) in the case group and G/A genotype (52%) in the control group. There was a statistically significant difference between the two groups in terms of genotype distribution (P=0.038).
and lowest in those with kidney cancer. In the control group, the mean CD33 copy number was highest in individuals with skin cancer and lowest those with gastric cancer (Figure 3 ).
Frequency distribution of CD33 SNPs is presented in figure 2 . Results of the Chi-square test showed no significant difference in the rs3865444 genotype distribution between the patients and controls (P=0.484). The highest frequency for rs3865444 SNP was observed in the case of G/G genotype in both the patients (42%) and the control (40%) groups. In the case of rs3852865 SNP, the most frequent genotypes were T/T genotype (38%) in the In the present study, CD33 copy numbers did not differ significantly between men and women. In patients, the CD33 copy number was highest in individuals with prostate cancer The overall frequency of this altered allele in the human genome was 0.21%, 0.05% in black people, 0.48% in Native Americans, 0.19% in South Asians and 0.31% in Europeans (17) . The evolutionary theory of germ line and disposable soma theory predict that long-lived species assure their longevity through investments in more resilient somatic tissues (18) .
Moreover, genes involved in management of cellular stress and repair mechanisms contribute to lifespan. Indeed, it has been experimentally shown that lifespan of eight mammalian species correlates with the ability of their primary fibroblasts to cope with stress (19) . Siglecs are capable of modulating cellular inflammatory responses and the number of genes encoding CD33rSiglecs varies widely between species (7) . In 2016, Walker et al. claimed that the allelic alteration in CD33 rs3865444 SNP is a risk factor for Alzheimer's disease (3) . They also indicated that the disease symptoms are associated with the type of allelic alteration. In 2013, Mortland et al. examined CD33 SNPs in children with acute myeloid leukemia (AML) who were treated with gemtuzumab ozogamicin (20) . They reported that changes in the CD33 gene could significantly affect the clinical outcomes of the disease, including disease phenotype and side effects. According to this study, rs12459419 and rs35112940 SNPs were observed in children treated with gemtuzumab ozogamicin-AAMLO3p10 but were absent in AML patients who were undergoing chemotherapy. In addition, it was shown that individuals with rs12459419 TT genotype are at a higher risk of developing AML compared to those with rs12459419 CC or CT genotypes.
DISCUSSION
Previous studies have reported that the number of CD33rSIGLEC genes may be correlated with maximum lifespan (2) . Hence, in this study, we investigated the possible association between CD33rSIGLEC gene numbers and life expectancy in people aged 70 years and older. We identified G/G as the most common genotype for rs3865444 SNP in patients with Alzheimer's disease and control individuals. Two previous studies found that rs3865444c SNP is preserved in the genome of all primates and is not changing through generations. Moreover, rs3865444A was found to be late-onset Alzheimer's disease-protective with overall frequency of 0.21 among human population; ranging from 0.05 in the African population to 0.48 in the Native American population (15, 16) . The same pattern was observed for rs12459419 allele. In other words, only alleles in modern humans are protected. It has been shown that these two SNPs are in linkage disequilibrium. In fact, CD33 allele is protected in humans but has evolved compared to its ancestors. In a study by Schwarz et al., it was observed that the allelic sequence of Alzheimer's disease is completely preserved in primates but changed slightly in the human genome. Moreover, variation of phenotypic symptoms of Alzheimer's disease may be due to CD33 allele modification during evolution and C>A allele replacement on chromosome 19 of late-onset Alzheimer's disease-protective rs3865444A SNP (2) . Assessment of the sequences around rs3865444 and rs12459419 SNPs showed that both rs3865444C and rs12459419C SNPs are ancestral alleles. In 2011, Naj et al. reported that rs3865444 SNP has undergone a change in adenine in people with Alzheimer's disease. 
CONCLUSION
CD33 SIGLEC could maximize lifespan due to a general expansion of genes encoding for cell surface receptors that interact with pathogens to initiate immune responses.
In the present study, CD33 copy numbers did not differ significantly between men and women. In patients, the CD33 copy number was highest in individuals with prostate cancer and lowest in those with kidney cancer. In the control group, the mean CD33 copy number was highest in individuals with skin cancer and lowest those with gastric cancer. Raj et al. examined the relationship between Alzheimer's disease symptoms and CD33 exon 2 copy numbers. They reported an association between CD33 rs3865444C SNP and Alzheimer's disease. A higher exon 2 copy numbers were associated with CD33 overexpression at cellular level. Whereas, a unique type of CD33 (monotype) exists at the level of ancestral cells in American, African and European populations which extends exon 2 copy number and increases rs3865444C allelic frequency, ultimately causing a
